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Summary  Selecting  the  right  vendor  is  an  important  business  decision  made  by  any  organiza-
tion. The  decision  involves  multiple  criteria  and  if  the  objectives  vary  in  preference  and  scope,
then nature  of  decision  becomes  multiobjective.  In  this  paper,  a  vendor  selection  problem
has been  formulated  as  an  intutionistic  fuzzy  multiobjective  optimization  where  appropriate
number of  vendors  is  to  be  selected  and  order  allocated  to  them.  The  multiobjective  problem
includes  three  objectives:  minimizing  the  net  price,  maximizing  the  quality,  and  maximizing
the on  time  deliveries  subject  to  supplier’s  constraints.  The  objection  function  and  the  demand
are treated  as  intutionistic  fuzzy  sets.  An  intutionistic  fuzzy  set  has  its  ability  to  handle  uncer-
tainty with  additional  degrees  of  freedom.  The  Intutionistic  fuzzy  optimization  (IFO)  problem  is
converted  into  a  crisp  linear  form  and  solved  using  optimization  software  Tora.  The  advantage
of IFO  is  that  they  give  better  results  than  fuzzy/crisp  optimization.  The  proposed  approach  is
explained by  a  numerical  example.
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he  vendor  selection  problem(VSP)  deals  with  the  selec-
ion  of  right  vendors  and  their  order  of  allocations.  This
s  multi  objective  decision-making  process  constrained
y  conﬂicting  qualitative  and  quantitative  criteria.  The
mportant  characteristic  of  most  of  the  world  problems
s  uncertainty,  which  can  be  handled  by  fuzzy  sets.  But
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uzzy  sets  are  lacking  the  freedom  of  non-membership  func-
ion,  which  is  present  in  intutionistic  fuzzy  sets  (Atanassov,
986).
The  ﬁrst  study  on  vendor/supplier  selection  problem  was
iven  by  Dickson(1966).  Since  then  a  number  of  articles  have
iven  review  of  criteria  and  methods  for  vendor  selection
roblem  (Chai  et  al.,  2013;  Ho  et  al.,  2010;  Weber  et  al.,
991;  Luitzen-de  et  al.,  2001).  The  common  list  list  of  meth-
ds  include  DEA,  multi-objective  programming,  AHP,  CBR,
uzzy  logic,  genetic  algorithm  and  ANN(Ho  et  al.,  2010).
he  LPP  can  be  classiﬁed  as  Simple  linear  programming,
uzzy  linear  programming,  multiobjective  linear  program-
ing  and  mixed  integer  linear  programming(Chai  et  al.,
013).  A  number  of  multiobjective  approaches  for  vendor
election  problem  has  been  carried  out  (Weber  and  Current,
icle under the CC BY-NC-ND license (http://creativecommons.org/
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Table  1  Data  of  suppliers.
Supplier  Net  price  Quality  (%)  Delivery  (%)  Capacity
A1 5  80  90  400
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1993;  Díaz-Madron˜ero  et  al.,  2010;  Babic´ and  Peric´, 2014;  Yu
et  al.,  2012;  Arikan,  2013).
The  ﬁrst  work  on  Intuitionistic  fuzzy  optimization  (IFO)
was  carried  by  Angelov  (Chai  et  al.,  2013;  Angelov,  1997;
Angelov,  1995).  Later  on  a  number  of  papers  on  intu-
tionistic  fuzzy  linear  programming  problem(Nagoorgani  and
Ponnalagu,  2012;  Dubey  and  Mehra,  2011)  and  intuitionis-
tic  fuzzy  linear/multiobjective  approach  to  VSP  has  been
carried  out(Kaur,  2014;  Shahrokhi  et  al.,  2011).IFS  has  the
advantage  of  expressing  lack  of  information  in  the  human
reasoning  and  decision  process.  An  intutionistic  fuzzy  multi-
objective  approach  to  VSP  has  been  proposed  for  selection
and  allocation  of  order  to  vendors.
The  organization  of  the  paper  is  as  follows:  Section  1
starts  with  introduction  to  the  problem,  Section  2  method-
ology  related  to  the  paper.  Section  3  a  numerical  example
illustrates  our  approach.  Section  4  gives  conclusions  of  the
study.
Methodology
Instutionistic  fuzzy  optimization  model
An  IFO  problem  is  formulated  as  to  maximize  the  degree  of
acceptance  and  minimize  the  degree  rejection  of  IF  objec-
tives  and  constraints  (Chai  et  al.,  2013).  The  formulation  is
as:
max {i (x)} x  ∈  Rn, i  =  1,  .  .  ., p  +  q,
min {i (x)} x  ∈  Rn,  i =  1,  .  .  ., p  +  q,
Subject  to
i (x) ≥ 0,  i =  1,  .  .  ., p  +  q,
i (x) ≥ i (x) , i =  1,  .  .  ., p  +  q
i (x) +  i (x) ≤ 1,  i =  1,  .  .  ., p  +  q
⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭
(1)
Converting  an  IFO  to  deterministic  form  is  as  follows:
Max  (˛  −  ˇ)
Subject  to
 ≤  i (x) , i  =  1,  .  .  ..p +  q,
ˇ  ≥  i (x) , i =  1,  .  .  ..p +  q,
˛  ≥  ˇ,  ˇ  ≥  0
gi(x)  ≥  0,
˛  +  ˇ  ≤  1
⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎭
(2)
Algorithm  of  steps
Step1:  Take  one  objective  from  k  objectives  solve  it  by
subjecting  to  the  given  constraints  to  get  values  of  deci-
sion  variables  and  objective.  Then  calculate  the  values  of
remaining  (k-1)  objective  values  from  these  decision  vari-
ables.  Repeat  the  above  two  steps  for  (k-1)  objectives.
Step2:  From  the  above  step  1  determine  maximum  and
minimum  values  of  the  objectives  and  constraints.
Step3:  Determine  upper  and  lower  limits  for  membership
and  non  membership  using  following  formulae
For  membership:  Uk =  max (zr (x)) ,  Lk =  min (zr (x))
For  non-membership:  Uvk =  Uk −  (Uk −  Lk ), Lvk =  Lk
where  0  <    <  1A2 7  90  80  450
A3 4  85  85  450
Step4:-  Determine  the  membership  and  non  membership
or  k  objectives  and  constraints  of  problem.
k (zk(x)) =
⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
0  if  zk(x)  ≤  Lk
zk(x)  −  Lk
U

k −  Lk
if  L

k <  zk(x)  <  U

k
1  if  zk(x)  ≥  Uk
ϑk (zk(x)) =
⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
0  if  ifzk(x)  ≥  Uk
Uvk −  zk(x)
Uϑk −  Lϑk
if  L

k <  zk(x)  <  U

k
1  if  zk(x)  ≤  Lvk
⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭
(3)
d (x) −  U
Uk−Vk
if  Vk <  d (x) < Ek
Uk −  d(x)
Uk−Vk
if  Ek ≤  d (x) ≤ Uk
0  if  d(x)  ≤  Vk, d(x)  ≥  Uk
Where  UkVk, Ek are  upper  value,  lower  value  and  exact
alue  of  the  constrains,  respectively.
Step5:  Then  IFO  MOLP  is  formulated  using  Eq.  (2).  Solve
he  above  formulation  by  Tora  2.1  to  get  degree  of  accep-
ance  ˛  and  decision  variables.
umerical example
 textile  company  wants  to  select  suitable  suppliers  to  pur-
hase  yarn  for  a  new  product  (Angelov,  1997).  The  suppliers
1,  A2 and  A3, data  are  presented  in  Table  1  below.
The  mathematical  formulation  is  as  follows:
in  z1 =  5x1 +  7x2 +  4x3 (net  price)
ax  z2 =  0.8x1  +  0.9x2  +  0.85x3(quality)
ax  z3 =  0.9x1  +  0.8x2  +  0.85x3  (delivery)
Subject  to
x1 +  x2 +  x3 =  800
x1 ≤  400
⎫⎪⎪⎪⎪⎪⎪⎪⎬
x2 ≤  450
x3 ≤  450
xi ≥  0.  i =  1,  2,  3
⎪⎪⎪⎪⎪⎪⎪⎭
(4)
350  
Table  2  Optimal  values  of  various  suppliers.
Z1 Z2 Z3 x1 x2 x3
Min  z1 3550  662.5  697.5  350  0  450
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YMax z2 4550  702.5  657.5  0  450  350
Max z3 3600  660  700  400  0  400
Step1,2:  Optimal  solution  for  the  above  formulation
n  (3)is  z1 (X),  x1 =  350,  x2 =  0,  x3 =  450.  Repeat  this  for
emaining  objectives.  Table  2  shows  values  of  xi, zi.
Step3:  Using  step  (2)  of  the  above  algorithm,  we  get
z∗1 =  −3550  ;  z1 =  −4550;  z∗2 =  702.5;  z2 =  660;  z∗3 =  700;
3 =  657.5
Step4:  Using  step  (3),  we  get
Membership:  U1 =  −3550,  L1 =  −4550,  U2 =  702.5, L2 =
60,  U3 =  700,  L3 =  657.5
Non  membership:  Uv1 =  −4540;  Lv1 =  −4550;
v
2 =  660.425;  Lv2 =  660;  Uv3 =  657.925;  Lv3 =  657.5
Step5:  Using  Eq.  (2)  to  obtain  deterministic  form  of  IFO
roblem  which  is  as:
ax (˛ −  ˇ)
Subject  to
˛  ≤ −5x1  −  7x2  −  4x3  +  4550
1000
˛  ≤ 0.8x1  +  0.9x2  +  0.85x3  −  660
42.5
˛  ≤ 0.9x1  +  0.8x2  +  0.85x3  −  657.5
42.5
ˇ  ≤ −4050  +  5x1  +  7x2  +  4x3
10
ˇ  ≤ 660.425  −  0.8x1  −  0.9x2  −  0.85x3
0.425
ˇ  ≤ 657.925  −  0.9x1  −  0.8x2  −  0.85x3
0.425
40˛  +  0.4ˇ  +  x1  ≤  439.6
40˛  +  0.4ˇ  +  x2  ≤  489.6
40˛  +  0.4ˇ  +  x3  ≤  489.6
 ˛ +  ˇ  ≤  1,  ˛  ≥  ˇ,  ˇ  ≥  0,  xi ≥  0
(5)
Step6:  After  solving  Eq.  (5)  by  using  Tora  2.1,  we  obtain
he  optimal  solution  as:
˛  =  0.75,  x1 =  316.03,  x2 =  54.07,  x3 =  459.46  &
1 =  3796.48,  z2 =  692.028  and  z3 =  718.224.onclusions
ompared  with  the  optimal  solution  obtained  by  our  method
nd  that  of  Yucel  and  Guneri(2011),the  value  of  Z1 is  better
YP.  Kaur,  K.N.L.  Rachana
han  previous  study  and  that  of  Z2 and  Z3 which  are  equiva-
ent  to  previous  results.  The  degree  of  achievement  of  the
bjectives  was  ˛  =  0.75  is  high.  The  highest  allocation  went
o  vendors  1  and  3  and  not  vendor  2,  because  though  its
uality  was  best  its  cost  was  high  compared  with  vendors  2
nd  3.  MOLP  tackle  the  conﬂicting  nature  of  objectives  and
FS  to  handle  information  vagueness  in  criteria  of  vendors
ith  additional  degree  of  freedom.
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